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This spatial study contributes to a modelling project that, in combination with biodiversity 
analyses and an economic model, evaluates potentials to preserve existing habitats, to restore 
formerly native habitats, as well as to create non-native managed habitats with respect to 
freshwater wetlands of the EU. This paper deals with the methodological development of the 
wetland distribution model and illustration of its results. Through a GIS-based model the extent of 
existing wetland distribution is visualised. Additionally, potential convertible sites are modelled 
for (re-) creation of wetland biotopes.  
Introduction 
Aim of the study 
This spatial analysis contributes to a bottom-up land use assessment, which 
studies synergies and tradeoffs between biodiversity conservation efforts, 
greenhouse gas mitigation options including carbon sinks and bioenergy, and 
traditional agriculture and forestry. Loss of habitat due to increasing land demands 
for other purposes is a major threat to many species (EEA, 2004). These losses 
constitute social costs. This leaves researchers, policymakers, and society with 
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two important questions: 1) what degree of preservation is desirable, i.e. socially 
optimal, and 2) which sites should be chosen for preservation?   
Endangered species can be protected in different ways. First, existing habitats 
can be protected from destruction. Second, on suitable sites, habitats can be 
restored. Third, on both existing and restored habitats, ecological management can 
increase the suitability and carrying capacity for certain species (Jantke, 2007). 
Each of these options incurs costs. These costs consist of i) direct costs, i.e. the 
costs of restoration, maintenance management, and protection, and ii) opportunity 
costs. Direct costs are low, where little restoration and maintenance is necessary. 
Opportunity costs are low where alternative land uses yield small benefits.  
The presented study evaluates potentials to preserve existing habitats, to restore 
formerly native habitats, as well as to create non-native managed habitats with 
respect to freshwater wetlands of the EU-25 states. The aim of this study is to 
locate existing wetland habitats as well as to model potential convertible sites for 
(re-)creation of wetland biotopes. It can help to locate sites suitable for 
renaturation programs, or for the introduction of faunistic corridors, favouring 
success in regional conservation planning. Results are going to be represented in 
potential wetland distribution maps and additionally are integrated into the 
economic land use optimization model FASOM to evaluate the costs and benefits 
of habitat protection and renaturation concerning certain wetland sites. Often 
utilization conflicts exist between land use and nature conservation. In the past the 
protection and regeneration of wider wetland areas have been often wrecked by 
the resistance of farmers. The integrated optimization model makes contribution 
to come to a decision between the conflicting parties.  
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Wetlands as EU-important ecosystems  
Wetlands are areas where water is present at or near the surface of the land also 
if only for varying periods of the year. On wetlands water is the primary factor 
controlling the environment and the associated plant and animal life. Wetlands 
may support aquatic as well as terrestrial species. They vary widely in soil, 
topography, climate, hydrology, water chemistry, vegetation, and other factors, 
also because of human disturbance (Blume et al., 2002; Dierssen & Dierssen, 
2001; Pott & Remy, 2000).  
In our study we concentrate on natural freshwater or inland wetlands. The 
RAMSAR Convention (Article 1.1) defines wetlands as "areas of marsh, fen, peat 
land or water, whether natural or artificial, permanent or temporary, with water 
that is static or flowing, fresh, brackish or salt, including areas of marine water the 
depth of which at low tide does not exceed six meters". In addition, the 
Convention (Article 2.1) determines that wetlands "may incorporate riparian and 
coastal zones adjacent to the wetlands". The definition of inland wetlands also 
includes marshes and wet meadows dominated by herbaceous plants that are most 
often human made as well as shrub- or tree-dominated swamps.  
In Europe inland wetlands are most common on floodplains along rivers and 
streams, along the margins of lakes and ponds, and in other low-lying areas where 
the groundwater intercepts the soil surface or where precipitation sufficiently 
saturates the soil (vernal pools and bogs). Many of these wetlands are seasonal 
and may be wet only periodically. The quantity of water present and the timing of 
its presence partly determine the functions of a wetland and its role in the 
environment (Mulamoottil et al., 1996). However, even wetlands those appear dry   4 
for significant parts of the year often provide important habitat for wildlife, 
especially for breeding birds (Bauer, 1997). 
Over the last century, the number and size of wetlands in Europe has decreased 
dramatically (Schultlink & van Vliet, 1997). Mainly agricultural and forestry 
practices have caused the loss of wetland area in many European countries. Even 
if fens and floodplain forests have been opened up for cultivation since the early 
Middle Ages, their major decrease has happened during the last few decades of 
the last century and is still continuing (Wheeler et al., 1995).  
There are lots of reasons to promote protection, restoration and construction of 
wetlands. Wetlands are among the world’s most productive environments. They 
are important habitats for a wide range of wild plant and animal species 
depending on the wetland’s productivity (Bauer 1997, Ramsar Convention). In 
addition, wetlands perform many functions due to the interactions of their 
physical, biological and chemical components (Succow & Jeschke, 1990, 
Verhoeven et al. 2006, Mitsch, 1994). These are for example storm protection and 
flood mitigation, as well as shoreline stabilization and erosion control. Wetlands 
influence also the water balance through water storage and groundwater recharge; 
and they further improve the water quality through retention of nutrients, 
sediments, and pollutants. Local climate conditions are stabilized through wetland 
ecosystems as well. 
Besides their physical and ecological values (Mitsch & Gosselink, 2000), 
wetlands are part of the cultural heritage of people. They are important for 
recreation and tourism opportunities and enrich the landscape (Novitzki et al., 
1997). During the last decade the importance of wetlands as sinks and/or sources 
for nutrients and greenhouse gases has also become increasingly evident (Byrne &   5
Farrell 2005, Mitsch, 1994). Nevertheless, all these functions, values and 
attributes are only maintained if the ecological processes of wetlands are allowed 
to continue functioning. 
Today, most of the EU-15 wetlands are drained, degraded and cultivated 
(Joosten & Clarke, 2002). It is estimated that only 30-40% of all wetlands existing 
at the beginning of the 20th century in Europe have remained (Schultlink & Van 
Vliet, 1997, Wheeler et al., 1995). During the last decades an increasing interest 
has evolved in the restoration of them that is confirmed through several schemes 
(Birds Directive, Habitats Directive, and Water Framework Directive). 
 
 Overview of other wetland geodata 
We aimed to evaluate not only the distribution of existing wetlands, but our 
task was also to identify potential sites for wetland (re-) creation. No digital land 
cover or vegetation map of the EU exists that shows detailed wetland distribution. 
Most studies concentrate on non-forested peatlands only (e.g. Montanarella et al. 
2006). The most detailed information about wetland habitats in Europe offers the 
EUNIS (European Nature Information System) Database with the distinction of 
over 2600 terrestrial habitat classes in fourth level (Moss & Davies, 2002 a,b). 
However, the corresponding EUNIS habitat type map (European Topic Centre on 
Biological Diversity (ed.)) that has been created using mainly aggregated 
CORINE data refers only to the first level (= 10 major habitats) of the EUNIS 
habitat classification. Also the CORINE biotopes data (European Commission, 
1991, Moss & Wyatt, 1994, Moss et al., 1996, EEA, 2000) that are based on 
reported NATURA2000 sites represent the existing wetlands not completely and   6 
are only available in terms of spots on the map without area size statements. 
However, the CORINE biotopes database (EEA, 2000) has been used for 
validation purposes as it is considered that all points referring to wetlands should 
match with the potential existing wetland distributions. We intended to create a 
spatial database exclusively for wetlands neglecting all other habitat types. The 
results are providing therefore much more accuracy and are more detailed 
concerning wetlands than other conducted habitat type maps (e.g. Mücher et al., 
2004). Our model provides not only spatial distribution of potential existing 
wetlands of the EU-25 states at resolution of 100 m, but also a detailed spatial 
distinction of wetland types, that has not been available in this scale before. 
Beyond the illustration of existing wetlands, also the potential distribution of 
conversion sites for a number of different wetland types are modelled at resolution 
of 1 km. This aspect and its methodology in European scale were developed for 
this study. In comparison to the digital map of the potential natural vegetation of 
Europe (Bohn & Neuhäusel, 2003) our model is able to show smaller wetland 
sites as well. Additionally, the model relies not on vegetation, but on a 
combination of suitable abiotic factors. The methodology and model that have 
been created for this study are explained in more detail below. 
The habitat distribution model 
GIS and spatial modelling are assumed to provide an appropriate tool to locate 
potential existing wetland areas as well as to illustrate the most suitable areas for 
wetland regeneration measures. For this analysis the GIS tools ArcGIS9 and Idrisi 
Kilimanjaro are used. Important factors for spatial wetland evaluation are the 
climatic, hydrological, geological, environmental and socio-economic conditions   7
of the areas. Scale is of paramount importance for precision of such analysis. 
Furthermore, the accuracy of this study is strongly restricted by the availability 
and quality of geographical data. We decided to conduct the study in broader 
regional scale with neglect of very small sized wetland areas (< 1 ha) to cover 
Europe effectively. Figure1 gives an overview of the methodology of this study. 
The scheme in the black box in the upper left corner will be described in more 
detail below. In a next step we additionally will assess the most suitable and 
valuable convertible wetland sites by integrating the results into the economic 
optimization model FASOM (Schneider et al. 2005) and by analysis of several 
landscape parameters. The following methodological description of the spatial 
wetland analysis has been subdivided into two parts. The first deals with the 
evaluation of potential existing wetlands in Europe, and the second with the 








































Fig. 1. Structural overview of this study. 
Potential existing wetland habitats (PEH)   8 
Potential existing wetland biotopes are defined as areas where wetlands with 
state close to nature actually appear within Europe. Because of spatial, scale, and 
modelling uncertainties we need to bear in mind that they are “potential existing” 
and not “certainly existing” wetlands. Figure 2 gives an overview of the PEH-
model. 
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Fig. 2. Overview of the Potential Existing Habitats Model 
 
Following equations schematically represent the theoretical methodology for 
the evaluation of existing wetlands in the EU-25. The analysis has been executed 
with Model Builder and the Spatial Analyst Extension of ArcGIS9.   9
PEH = (Wp  Wr  Wwf) EU-25
Wp = Wf CLCb
Wf = (CLCfh PNVf)   (CLCfh PNVb)
Wr = Wg Wm
Wg = (CLCg PNVr) (CLCg PNVf)
Wm = (CLCm PNVr) (CLCm PNVf)
Wwf = Waf Wsf
Waf = CLCfs PNVaf










CLC – Corine Land Cover data 
EU – EU-25 countries 
PEH – Potential existing wetlands 
PNV – Potential natural vegetation data 
W –  Wetland  
b – Bogs 
f - Fens 
fh – Moors & Heathland (Fens) 
g – Natural Grassland 
m – Inland Marshes 
p – Peatland 
r – Reeds 
sf – Swamp forests 
af – Alluvial forests 
wf – Forests  
 
The Corine land cover map of 2000 with spatial resolution of 100 m serves as 
base map (EEA, 2000, Bossard et al., 2000). Out of the CORINE data following 
land cover classes have been extracted: Moors & Heathland (3.2.2.), Inland 
Marshes (4.1.1.), Peat bogs (4.1.2.), Inland waters and Estuaries (5.1. and 5.2.2.), 
Natural Grassland (3.2.1.) and forests (3.1.). The Commission of European 
Communities (1995) gives detailed definitions of each class. Inland waters and 
Estuaries were selected for illustration purposes and future evaluation of biotope 
complexes. Within the spatial model the land cover class “peat bogs” served as 
the only one that does not need to be changed to show existing “bog” wetlands, 
whereas all other selected land cover classes have to be split up separately. Out of 
all European forests, for example, we wanted to select only the wetforests, namely   10 
alluvial forests next to river courses and fen or swamp forests. In addition, moors, 
wet heaths and riverine and fen scrubs have to be extracted from “Moors and 
Heathland”, and “Natural Grassland” as well as “Inland Marshes” serve as base 
data for the model parameter “natural wet grasslands”. For example, the EUNIS 
habitat classifications name over 150 classes for the CORINE class “Natural 
Grasslands” including wet grasslands (E3) and wet tall-herb and fern stands (E5.4. 
and E5.5.). We aimed to separate the wet grasslands from the natural grasslands. 
For this reason the map of the potential natural vegetation (PNV) of Europe (Bohn 
& Neuhäusel, 2003) has been selected as source to locate those sites covered with 
potential existing wetlands. The PNV map in general distinguishes following 
wetland types: a. Tall reed vegetation and tall sedge swamps, aquatic vegetation 
(PNV class R), b. Mires (S), c. Swamp and fen forests (T), d. Vegetation of flood 
plains, estuaries and fresh-water polders and other moist or wet sites (U). These 
types can then be further subdivided. We extracted these wetland types and 
intersected them with the CORINE data. Only those sites matching both attributes 
were considered as potential existing wetland site. The remaining sites were 
assumed to be non-wetland. This methodology accepts uncertainties about the 
state of the wetland ecosystem also due to scale reasons. We are not able to 
distinguish between afforestations or natural alluvial forests in a floodplain, for 
example, what leads to overestimation errors of the results. Future analyses aim to 
remove these errors from the model. 
However, results are illustrated through a wetland distribution map (see figure 
3) and were further processed for integration into the FASOM Model. That 
implied an area-size dependent analysis of the wetland sites per EU-25 country 
partly based on biodiversity studies conducted by Jantke (2006). As base data   11
source we selected the EU-25 states out of the PNV-map (Bohn & Neuhäusel, 
2003) and intersected them with the potential wetland distribution data. For 
validation we finally compared the results with the EUNIS database and the 
CORINE biotopes data (EEA 2000). 
Potential convertible sites (PCS) 
The second part of the GIS assessment evaluates potential convertible wetland 
sites. These areas may be used for location of renaturation programs or habitat 
new-creational measures. Often wetland terms and definitions are not 
standardized. Before starting the analysis the investigated wetland types and the 
used terms need to be defined in more detail (Table 1). 
 
Table 1. Used wetland terms and its definitions based on Mitsch (1994), Cowardin et al.(1979). 
 
Common Wetland Names  Definition 
Peatland  generic term of any wetland that accumulates partially 
decayed plant matter. 
Bog  peat-accumulating wetland that has no significant 
inflows or outflows. Receives only direct precipitation; 
characterized by acid water, low alkalinity, and low 
nutrients. Peat accumulation usually dominated by 
acidophilic mosses, particularly sphagnum.  
Fen  peat-accumulating wetland that receives some drainage 
from surrounding mineral soil. Usually dominated by 
sedge, reed (Æ reedswamp), shrub or forest 
(Æswampforest). Surface runoff and/or ground water 
have neutral pH and moderate to high nutrients. 
Marsh/natural wet 
grasslands  
permanently or periodically inundated site characterized 
by nutrient-rich water and emergent herbaceous 
vegetation adapted to saturated soil conditions. In 
European terminology a marsh has a mineral soil 
substrate and does not accumulate peat. 
Reedswamp   marsh or fen dominated by Phragmites (common reed); 
Swampforest  wetland dominated by trees, most often forested fen. 
Depends on nutrient-rich ground water derived from 
mineral soils. 
Alluvial forest  Periodically inundated forest areas next to river courses.   12 
In a next step the connection between the respective information of the 
database and the probable appearance of the wetlands had to be cleared. 
Characteristic soil parameters, climate conditions, slope angles, and elevations are 
worked out for every wetland type on base of several literature resources (BfN, 
2003, Brinson, 1993, Ellenberg, 1996, Kuntze et al. 1994, Succow & Joosten, 
2001). Through that statements are derived about the potential appearance of the 
target wetland types. In combination with geographical data these statements 
allow the identification and localisation of potential wetland sites within a GIS.  
In general, another important factor determining wetlands is the positive water 
balance of the site. The inflow of water in that area must be greater than the 
amount of water leaving the wetland by infiltration, outflow, or evaporation. 
Accurate information about that topic is not available in European scale. 
Additionally was assumed that hydrology is up to certain extends anthropogenic 
convertible and manageable. Therefore, the water factor is only indirectly 
integrated into the model through climate and soil data. The following equations 
give an overview of the model and table 2 illustrates the rating factors that 
characterize each wetland type. 
PCS = ((W PEH) EU-25) UA
W = Wr Waf Wb Wsf Wf





PCS – Potential Convertible sites 
W – Wetland 
PEH – Potential existing wetland 
EU-25 – EU-25 states 
UA – Urban areas/human settlement areas 
Set – human settlements 
 
B500 – buffer of 500 m around City 
af – alluvial forest 
b – bogs 
f – fens 
r – reeds 
sf – swamp forest 
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Fen X  X       
Bog X    X     
Swamp Forest  X  X  X     
Alluvial Forest    X    X  X 
Reeds   X    X  X 
 
For the assessment an automated target area search and representation has been 
developed for the potential convertible wetland areas using the Model Builder in 
ArcGIS9 and Idrisi. Former wetland areas are considered as most suitable for 
wetland recreation (Ellenberg et al., 1991, Schultlink & Van Vliet, 1997, Wheeler 
et al., 1995). These might be arable fields, pasture lands, fallow or forested areas 
on sites of former wetlands that have been intensely changed. Actual soil 
conditions might give hints for potential wetland biotopes. We used the European 
soil database (Joint Research Centre, 2004) of 1 km grid resolution and extracted 
following potential wet- and peatsoil-classes: Gleysols, Fluvisols, Gleyic 
Luvisols, Histosols, Gleyic Podzol. In the model the wetland types bogs, 
swampforests and fens are considered soil dependent (see table 2). 
The climate parameter has only been applied for the parameters bogs and 
swampforests; all other wetland types are rated as azonal and therefore relatively 
climate independent (Ellenberg, 1996; Succow & Jeschke, 1990, Walter & 
Breckle, 1999). The climate variables of the wetland types shown in table 3 were 
extracted from the explanatory text of the map of the Natural Vegetation of 
Europe (BfN, 2003) and are mainly based on Walter & Lieth (1967). We used the 
attributes temperature (max temp of warmest month, min temp of coldest month,   14 
average annual) and precipitation (average annual) of the Bioclim and Worldclim 
data at spatial grid resolution of 30 arc-seconds (~ 1 km²). 
Table 3. wetland type characteristics concerning their climate ranges of occurrence. 
 













Bogs  3 - 6  300 – 1 000  12 - 17  -15 – (-2) 
  9 - 11  1 200 – 2 000  13 - 15  5 – 7 
  3 - 8  1 400 – 2 400  10 - 12  -2 - 0 
  5 – 9,5  550 – 1 500  14 - 19  -3 - 5 
  4 – 5,5  900 – 1 400  11 - 12  -3 – 0 
  3,5 – 7,8  530 - 630  17.5 - 19  -10 – (-2) 




- 3 - 5  250 - 700  8 - 15  -17 – (-5) 
Transitional 
mires (fens) 




8 - 9  600 – 1 200  15 - 16  0 – 4 
wetforests  6 - 11  450 – 1 000  16 - 21  -5 – 0 
  14 - 15  > 1 000  20 - 22  6 – 8 
  9 - 10  550 – 1 000  15 - 16  4 - 5 
 
 
The analyses of elevation dependent wetland types might also refer to climate 
conditions (Merot et al., 2003). However, we are confined to the statements of 
highest occurrences of respective wetland types by the explanatory text of the 
PNV map of Europe (BfN, 2003). The base elevation data for Europe are taken 
from GTOPO30 data a global digital elevation model at spatial resolution of 30 
arc-seconds (sheets: W020N90, E020N90, W020N40, E020N40) (USGS, 1996). 
In addition to that the Biogeographical Regions map of Europe (EEA, 2002) 
contributed to the elevation parameter by dividing the height variables into several 
bioclimatic regions that better reflect the height-limits than country based 
distinctions of regions. The map of biogeographical regions is based on the PNV   15
map (Bohn & Neuhäusel, 2003). It distinguishes between six biogeographical 
regions in the EU-25, namely Alpine, Boreal, Continental, Atlantic, 
Mediterranean, and Pannonian. Alluvial forests and reeds are considered elevation 
dependent, less because of climatic conditions, but more due to loss of suitable 
ground conditions (Mulamoottil et al., 1996, BfN, 2003, Ellenberg, 1996). The 
climate dependent wetlands are assumed to limit their height occurrence by this 
parameter itself. An elevation constraint is therefore not necessary. Only the fens 
are assumed neither climate nor elevation dependent. They solely refer to soil 
conditions and the slope parameter. Table 4 shows the wetland type characteristics 
concerning their maximum elevation occurrence range. 
Table 4. Wetland type characteristics concerning their maximum elevation occurrence range. 
Wetland type  Biogeo Region  Elevation (m) 
Reeds  Boreal, alpine (scand.)  <= 500 
Reeds  Alpine (other), all others <= 800 
Alluvial forests  Boreal, alpine (scand.)  <= 500 
Alluvial forests  Alpine (other), all others <= 1 200 
 
The slope parameter has been evaluated out of the elevation data using the 
Spatial Analyst extension of Arc GIS9. Only those areas with a slope angle below 
1° were assumed suitable for the wetland types reeds, alluvial forests, 
swampforests and fens (Lyon, 2001, Mulamoottil et al., 1996). Due to scale 
reasons the slope angle has been set to this maximum extension and does not 
distinguish slope angles below that point as has been done in case studies of larger 
scale (Tsihrintzis et al., 1998, Helmschrot & Flügel 2002). 
Also the proximity to inland waters or to potential existing inland peatland is 
an important criterion for localisation of target areas if other parameters are 
fulfilled. We created a multiple ring buffer around inland waters and other bog 
areas of 500 m. The extension of potential water surrounding wetland sites like   16 
alluvial forests can be detected by combination of the proximity with other 
parameters.  
Highly populated areas as are towns and cities provide very limited space for 
wetland restoration or construction. For this reason potential convertible sites are 
only modelled for agriculturally used areas, grasslands and forests. Urban areas 
including a buffer zone of 800 metres have been omitted by the model. We used 
the Corine Land Cover 2000 data for determination of these sites. 
Finally, the potential existing wetland sites have been subtracted from the 
preliminary results to obtain only data on potential convertible areas. All data are 
conducted within the EU-25 states boundaries  
Results 
The results of the above-described model are illustrated through wetland 
distribution maps. We were able to produce the potential existing habitats at 
spatial resolution of one hectare (100 * 100 m) and the potential convertible sites 
at 1 km² grid for the EU-25 states excluding the islands Malta and Cyprus. Figure 
3 shows the spatial distribution of potential existing habitats (dark grey) and 
potential convertible sites (light grey). Exemplary, some details are extracted to 
illustrate the high spatial resolution of the model. The validation of potential 
existing habitat distribution with the EUNIS/CORINE wetland biotope data 
revealed high accuracy. Nearly all point data (92.3 %) were situated within the 
selected potential existing wetlands. The remaining 8% not matching with our 
results are always situated next to a potential existing wetland and can therefore 
be considered as imprecise spot set up or compilation error.   
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Fig. 3: Map of the spatial distribution of potential existing habitats (dark grey) and potential 
convertible sites (light grey) with more detailed examples. 
 
The map reveals that the majority of potential existing wetland areas (PEH) is 
situated in the northern and western European countries, while the potential 
convertible sites (PCS) are well distributed over the EU. In total, 13.3 % of the   18 
EU-25 land area consists of potentially existing wetlands and additional 16.8 % of 
the land areas are potential convertible to wetland sites. For inclusion into the 
FASOM-Model we evaluated the wetland areas applied to the respecting EU-
countries. Figure 4 gives an overview of the total area (in 1 000 ha) of potential 
existing and the potential convertible wetland sites per country. Open waters have 
been excluded from the evaluation. Finland and Sweden own by far the most 
extending wetland areas with over 20 million ha wetlands. Also Ireland has great 
amounts of existing wetland areas (about 5 million hectares) but less in 
comparison to the Scandinavian countries. Finland and Sweden also lead in the 
amount of potential convertible wetland sites. In this category Poland, Great 
Britain as well as France and to a certain extend Germany as well show high 
amounts of land for wetland (re-) creation. If we now look at the relationship 
between wetland areas and country size (see Figure 5) we get a different picture: 
Now Ireland shows the highest wetland rate (PEH) with over 60 % of its country 
area, followed by Finland and Sweden (< 40%). Also Estonia and Great Britain 
have with 13 % and 9 % of its country size high potential existing wetland rates in 
comparison to other countries whose amounts lay between 0.04 % (Luxembourg), 
0.6 % (Spain), and 5.1 % (Hungary), or 3.2 % PEH of the country area in the case 
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Fig. 4. Total wetland area (in 1000 ha) per country 
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Concerning the PCS per country area Latvia (61.5 %), the Netherlands (53.2 
%), and Estonia (50.3 %) have the highest relative potentials. The PCS rate of 
Finland, Poland, Great Britain, and Ireland amounts between 26 and 35 % per 
country area. In this case Denmark and Germany have potentials of about 12 %,   20 
and the PCS rate of all other countries amount between 3.7 % in Austria and 9.6 
% in France and Sweden.  
Fig. 5. Relation between country size and wetland area (%) 
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Additionally the PEH areas of each defined wetland type were evaluated per 
country. Table 5 gives an overview of these results. Wetland areas need to have at 
least a size of one hectare to be included into the spatial model. Therefore, often 
reeds along lakeshores are not shown in the results and Finland even counts no 
wetgrasslands even though there are reeds growing along some waters. Finland 
and Sweden have by far the most peatland areas followed by Great Britain and 
Ireland. In northern and western European countries the wetforested area does not 
exceed the peatland areas whereas in Germany and Poland and further south 
wetforests are the most extending wetland types.  
Table 5. PEH areas of each main wetland type per country 
 
   EU-25  Peatland  Wetforests
Wet-
Grassland  total 
ID Country  (ha)  (ha)  (ha)  (ha) 
17  Austria  29 647 66 146 684 96 477 
12  Belgium  11 721 9 904 254 21 879 
14 
Czech 
Republic  8 254 77 110 385 85 749 
3  Denmark  51 406 9 897 2 576 63 879 
6  Estonia  186 911 393 557 6 488 586 956 
1  Finland  2 231 914 1 760 872 0 3 992 786 
13  France  82 513 492 738 8 814 584 065 
9  Germany  136 282 455 357 13 742 605 381 
5  Great Britain  1 423 719 354 261 470 617 2 248 597 
27  Greece  25 063 45 391 36 801 107 255 
18  Hungary  100 678 299 460 78 138 478 276 
4  Ireland  1 162 172 124 010 30 615 1 316 797 
21  Italy  18 620 179 667 18 482 216 769 
7  Latvia  152 089 55 019 146 207 254 
19 Liechtenstein  39 541 18 598 
8  Lithuania  56 286 22 041 0 78 327 
15 Luxembourg  0 97 0 97 
11  Netherlands  33 767 47 880 10 854 92 501 
10  Poland  106 979 563 845 147 670 971 
23  Portugal  9 787 57 497 8 360 75 644 
22  Slovenia  8 548 5 986 58 14 592 
16  Slowakia  4 585 46 326 968 51 879 
20  Spain  66 604 164 754 65 236 296 594 
2  Sweden  2 937 679 934 105 5 149 3 876 933 
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Summarizing the total PCS areas distinguished after the main wetland types for 
the European countries one gets following results: About 1 329 218 km² 
additional bog areas, 643 331 km² additional fen areas, as well as 305 671 km² 
additional wetforest areas can be created potentially. Here is to mention that 
potential wetland areas are allowed to overlap. Often local site conditions and 
renaturation management decide on that. Moreover, some wetland types might be 
temporary successional states of others within the biotope complexes. This is 
especially evident for peatlands. Future analyses are going to take that into 
account.    
Discussion 
The knowledge of the extent and distribution of wetlands is important for a 
variety of applications. The presented wetland distribution model is an attempt to 
give an overview of the potential wetland sites (PEH and PCS) in the EU-25 
states. Due to data limitations there are still a lot of uncertainties. For example, the 
soil information is generally poor and often misleading from the standpoint of 
wetland functionality. However, we used the best available data sources covering 
the research area. Another uncertainty is the state of the ecosystem of the PEH. 
Therefore, we are not able to make statements about the naturalness. That is also 
the reason why we called these wetland sites “potential existing”.  
However, the presented methodology and its results are quite challenging. We 
developed a wetland distribution map in European scale with high spatial 
resolution (1 ha / 1 km²). Actually, this map seems to be the most detailed wetland 
map available in European scale. We distinguish not only between different 
wetland types but also between potential existing and potential convertible   23
wetland sites. That implies a detailed wetland classification that additionally is 
comparable to the EUNIS-data.  
The integration of GIS as model base makes the methodology highly 
applicable and easily to improve concerning data sources. The results are on the 
first hand meant to be integrated into the economic optimization FASOM-model; 
on the other hand they are going to be the base for biodiversity studies of 
endangered wetland species. The solution for the problem of identifying a suitable 
location for the creation or restoration of a wetland system will be a cost-benefit 
analysis involving landscape and socio-economical analyses. GIS provide an 
appropriate tool to find the most suitable location given the climatic, hydrological, 
geological, environmental and socio-economic conditions. 
The connection of the results with an economic land use model might 
investigate the costs and benefits of the appropriate measures and its 
consequences for agriculture and forestry. The aim is to find the socially optimal 
balance between alternative wetland uses by integrating biological benefits – in 
this case wetlands - and economic opportunities – here agriculture and forestry. 
This combination of biodiversity and economy is a quite challenging and new 
topic. The presented methodology and the application of GIS build not only a 
bridge between these sciences but also help to illustrate the diverse viewpoints 
and results. Together with the FASOM-model the results of this study are further 
going to be used to evaluate the technical and economic potential of habitat 
establishment (e.g. maintenance costs) per PCS. In addition the results are going 
to be assessed after important areas for species conservation, connectivity and 
positional relationships. Finally, the obtained results will illustrate habitat 
suitability and also the wetland potentials.   24 
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